Objective: The authors examined predictors of mortality in individuals age 50 or older with or without cognitive impairment in a 12-year prospective naturalistic study of subcortical ischemic vascular disease focusing on symptoms of depressed mood, apathy, anhedonia, or anergia.
severity of medical illness, and psychiatric disorders (6) . The effects of other neuropsychiatric symptoms on mortality are less well studied (7, 8) . A study of a large Japanese community sample (7) found a differential effect of depressive symptoms and symptoms of apathy and anergia on mortality from medical causes (i.e., cerebrovascular versus cardiovascular disease) in older persons. None of these previous studies included direct neuroimaging measures of cerebrovascular disease as predictors of mortality, which is important in understanding whether the presence of cerebrovascular disease mediates depression effects on mortality.
Cerebrovascular and neurodegenerative brain changes commonly accompany late-life neuropsychiatric symptoms and contribute to the underlying pathophysiology and heterogeneity of these disorders. Subcortical ischemic vascular disease characterized by microvascular or small-artery disease is common in cognitively normal older adults and in those with different types of cognitive impairment, including dementia. It is thought to be responsible for a certain pattern of cognitive impairment with predominant executive dysfunction and for the development of depression and other behavioral symptoms (9, 10) . MRI can help in early detection of subcortical lacunes and deep white matter changes that might result in cognitive or neuropsychiatric symptoms due to disruption of cortical-subcortical pathways (9, 11, 12) or contribute to mortality because of the extent of cerebrovascular disease.
Geriatric neuropsychiatry has recently experienced a surge of interest in subsyndromal depression and apathy because of their high prevalence, profound effect on health and functional outcomes, and differential management (10, (13) (14) (15) (16) (17) . Subsyndromal depression is more prevalent than major depression in community-dwelling older adults, with rates estimated at 12%-30%, compared with 2%-5% for major depression (18, 19) . Although definitions of subsyndromal depression and apathy have varied among studies, research has repeatedly demonstrated that subsyndromal depressive states are associated with adverse health consequences, including poor quality of life, disability, and mortality (20) (21) (22) .
The use of MRI may shed light on the neurobiology and neurocircuitry involved in the mediation of mood and motivational impairment in late life (10, 13, 15, (23) (24) (25) and may define new endophenotypes of subsyndromal depressive states. It may also enhance our understanding of the relationships among subcortical ischemic vascular disease, depression, and mortality. Neuroanatomical abnormalities that have been consistently identified in patients with late-life major depression, and more recently with late-life apathy, include smaller brain volumes and larger volumes of high-intensity lesions in subcortical gray and white matter (13, 15) . Structural atrophy has been reported in the prefrontal cortex (26) and hippocampus (27, 28) . Historically, neuroimaging studies of stroke have focused on lesion-behavior relationships (29, 30) . We previously reported the association between lacunar volume and the presence of apathy, anhedonia, anergia, and depression (10).
Our objectives in this study were to examine the independent and cumulative effects of the neuropsychiatric symptoms of depressed mood, apathy, anergia, and anhedonia on mortality in a large cohort of older individuals with and without subcortical ischemic vascular disease and with and without cognitive impairment in a prospective naturalistic follow-up study. We chose to focus on these four symptoms because of their higher prevalence in subcortical ischemic disease and their overlapping features, which frequently lead to misdiagnosis and mismanagement. We hypothesized that cognitive status, older age, male gender, depressed mood, lacunes, and cardiovascular disease would independently contribute to mortality risk. No prior studies have attempted to differentiate the predictors of mortality using symptoms of depressed mood, apathy, anergia, and anhedonia as well as MRI-identified lacunes in the same clinical sample, which is important in identifying independent contributions of cerebrovascular disease and behavioral symptoms to mortality.
Participants received a comprehensive clinical evaluation that included a detailed medical and neurological history and examination, laboratory tests, and neuropsychiatric assessment of behavioral and psychological symptoms. Cognition was evaluated using a battery of neuropsychological tests, which have been described elsewhere (31, 32) . Diagnoses were made at a multidisciplinary case conference; dementia was diagnosed by DSM-IV criteria (33) . Participants who had cognitive impairment not severe enough to meet criteria for dementia or who evidenced no functional impairment were diagnosed as having cognitive impairment without dementia. Demented participants were further clinically diagnosed using the National Institute of Neurological Disorders and Stroke and the Alzheimer's Disease and Related Disorders Association diagnostic criteria for Alzheimer's disease and California Alzheimer's Disease Diagnostic and Treatment Center criteria for ischemic vascular dementia (34) . The presence and severity of comorbid cardiovascular conditions (current and past) were assessed using a standard instrument and physical examination. The institutional review boards at all participating institutions approved the study, and all participants or their representatives gave written informed consent to participate in the study.
Neuropsychiatric Assessment
Behavioral ratings were based on clinician ratings using the Psychiatric Evaluation section of the Minimum Uniform Data Set (MUDS) of the California Alzheimer's Disease Centers Program administered at baseline. Central training on uniform administration of the MUDS was provided as part of the Alzheimer's Disease Centers Program (35) . Symptom ratings were made separately for depressed mood, apathy, anhedonia, and anergia as follows: 0=not present; 1=questionable; 2=present but mild at subthreshold or subsyndromal level; 3=present and severe at threshold or syndromal level; and 4=not determined. The assessment of each of these symptoms was based on patient and caregiver reports and direct clinical examination. In our analyses, we combined both syndromal and subsyndromal neuropsychiatric symptoms to reflect clinically significant psychopathology with comparable effect on functional impairment (18) . The reference group consisted of participants whose symptoms were rated as "not present" or "questionable." Individuals with symptoms rated as "not determined" were excluded from our analyses (the numbers excluded on this basis were 26 for depressed mood, 26 for anhedonia, 24 for anergia, and 25 for apathy). A total of 498 participants had symptom ratings and were included in the analyses.
MRI Methods
The MR image acquisition and segmentation methods used in this study have been previously reported (10, 36, 37) . The MRI variable used in this analysis was the presence or absence of lacunes. The presence of lacunes was determined by the expert radiologist and neurologist who reviewed all MRI scans. Subcortical lacunes were defined as small (>2 mm) areas of the brain with increased signal relative to CSF on proton density MRI in subcortical gray and white matter seen in axial slices at the level of the basal ganglia and thalamus. Lacunes were differentiated from perivascular spaces, which can be particularly prominent below the anterior commissure and putamen and at bends in the course of penetrating arterioles. When appearing in white matter, lacunes were differentiated from white-matter hyperintensities by an isointense signal to CSF and lesion size ranging from 3 mm to 15 mm. To differentiate lacunes in the white matter and white-matter hyperintensities, only cystic lacunes were included. In the subcortical gray matter, a more liberal definition was used for lacunes-discrete hyperintensities >2 mm in diameter on proton density images.
Data Analysis
Deceased and surviving participants were initially compared on all demographic and clinical variables using t tests and chi-square tests, as appropriate. Unadjusted and multivariate Cox proportional hazards regression models were used to evaluate the association of clinically significant neuropsychiatric symptoms of depressed mood, apathy, anhedonia, and anergia with mortality. For these models, follow-up time for all participants began at entry into the study cohort. Follow-up ended at the last study visit attended for surviving participants and at the date of death for deceased participants. Associations between neuropsychiatric symptoms and other independent variables and mortality were summarized as hazard ratios with 95% confidence intervals (CIs).
Each neuropsychiatric variable was fitted in the regression models separately. Because overlap between the neuropsychiatric variables averaged about 40%, we also computed a summary global behavioral measure of neuropsychiatric symptoms for each participant. This summary variable was the total number of neuropsychiatric symptoms (depressed mood, apathy, anhedonia, and anergia) rated as present and thus ranged from 0 to 4.
Because our major hypotheses related to the associations of the neuropsychiatric symptoms to mortality, our multivariate Cox regression modeling took the following approach. In multivariate model 1, we adjusted each neuropsychiatric symptom for cognitive group (cognitively intact, cognitively impaired, or demented), age, gender, education level, and ethnicity. The presence of lacunes was added in a subsequent model (adjusted model 2). The reference groups for gender, ethnicity, cognitive group, and lacunes were male, white, cognitively intact, and "no lacunes," respectively. To determine whether the observed associations might be confounded by comorbid vascular disease, we subsequently added vascular conditions (separate indicator variables for a history of stroke, hypertension, hyperlipidemia, diabetes, arrhythmia, congestive heart failure, myocardial infarction, and coronary artery bypass graft surgery) to adjusted model 3. To take into account the multiple hypothesis testing in light of the fact that this was an exploratory analysis, we used a conservative two-sided alpha level of 0.01 for the main exposure variables (neuropsychiatric symptoms) in the final multivariate models. The assumption of constant proportional hazards over the follow-up period was met for each independent variable.
To graphically illustrate the associations between depressed mood and mortality, we plotted the survival curve estimates from the final proportional hazards model by cognitive group and depressed mood status and by lacunes (present/absent) and depressed mood status.
Results
Of the 498 individuals who participated in the study, 250 (50.2%) were men; 365 (73.3%) were Caucasian, 23 (4.6%) were Hispanic, 30 (6.0%) were African American, 78 (15.7%) were Asian, and 2 (2.4%) were other. The mean age at baseline was 74.5 years (range=52.7-94.7 years). A total of 175 participants (35%) died over the course of follow-up.
The baseline clinical diagnoses of demented participants (N=164) included possible or probable ischemic vascular dementia (N=36; 22%), mixed Alzheimer's disease and vascular disease (N=33; 20%), possible or probable Alzheimer's disease (N=87; 53%), cerebrovascular disease not meeting criteria for ischemic vascular dementia (N=4; 2%), and other (N=4; 2%). Clinical diagnoses of dementia were not used in the analyses reported here. Demographic characteristics and global cognitive status (measured by the Mini-Mental State Examination) are presented by vital status (alive or deceased during follow-up) in Table 1 . Table 1 compares the deceased and surviving participants on variables of interest. Among all participants evaluated at baseline, 180 (36%) were cognitively intact, 154 (31%) were cognitively impaired without dementia, and 164 (33%) were diagnosed with dementia; 203 (41%) participants were determined to have lacunes on MRI. The median follow-up time for all participants was 4.7 years (range=0.01-12.9 years). Among deceased participants, the median follow-up (time to death) was 4.6 years (range: 0.3-12.0).
In the entire sample, 81 participants (16.2%) had clinically significant depressed mood, 55 (11.1%) were considered to have clinically significant (i.e., syndromal and subsyndromal) levels of anhedonia, 124 (24.9%) had anergia, and 79 (15.8%) had apathy. Despite the close clinical characteristics of these symptoms, the overlap between them was moderate, with 39.5% between anergia and depressed mood, 69.1% between depressed mood and anhedonia, and 42% between depressed mood and apathy (all p values <0.0001). Given some overlap among symptoms, we also conducted an analysis with the composite behavioral measure that took into account coexisting symptoms, as explained in the Method section. Table 2 presents the results of the unadjusted Cox regression models. The mortality risk was significantly elevated with older age, lower education levels, male gender, and cognitive impairment and dementia. Participants with lacunes noted on baseline MRIs had significantly higher mortality. Vascular conditions associated with higher mortality in this cohort included hypertension, myocardial infarction, coronary artery bypass graft surgery, arrhythmias, and congestive heart failure. The presence of each of the four neuropsychiatric symptoms was significantly associated with elevated mortality in unadjusted analyses, with hazard ratios ranging from 2.3 to 3.1. In addition, the summary score of all neuropsychiatric symptoms combined was associated with a mortality hazard ratio of 1.5 (per symptom present; 95% CI=1.4-1.7). Table 3 presents the results of the multivariate Cox regression models detailing the adjusted associations of neuropsychiatric symptoms with mortality. Each neuropsychiatric symptom was modeled separately (i.e., symptoms were not adjusted for one another). All models were adjusted for cognitive status, age, male gender, education level, and race. Models were successively adjusted for the presence of lacunes and comorbid vascular disorders. The summary measures of total neuropsychiatric symptoms, depressed mood, and anergia each remained significantly associated with mortality after adjustment for cognitive status, age, male gender, education level, and race (adjusted model 1). Except for a decrease in the anergia hazard ratio, further adjustment for the presence of lacunes did not alter these results. Using a 10% rule for the change in hazard ratios to define the presence of a confounder, the comorbid vascular conditions were not meaningful confounders for the association between the summary measure of total neuropsychiatric symptoms and mortality (adjusted model 3). Although anhedonia, anergia, and apathy were associated with an increased risk of mortality after adjustment for demographic and vascular conditions (using α=0.01), these associations fell short of statistical significance.
When demographic characteristics, the presence of lacunes, and all comorbid vascular conditions were taken into account, the summary measure of total neuropsychiatric symptoms and depressed mood remained significantly positively associated with mortality (Table 3 , model 3). In the fully adjusted depressed mood model, cognition remained independently associated with mortality (cognitive impairment hazard ratio=2.2, 95% CI=1.3-3.8; dementia hazard ratio=4.7, 95% CI=2.9-7.5), while the presence of lacunes was of marginal significance (hazard ratio=1.4, 95% CI=1.0-2.1). We evaluated whether our finding relating depressed mood to mortality was driven by the presence of syndromal versus subsyndromal depressed mood by including separate indicator variables for each in our multivariate model. Both depressed mood indicators yielded elevated hazard ratios (for subsyndromal depressed mood, hazard ratio=1.7; for syndromal depressed mood, hazard ratio=2.2). These hazard ratios did not significantly differ from one another, providing further support for combining the two into one category of depressed mood. Figures 1 and 2 present the adjusted cumulative survival curves by cognitive group and depressed mood, and the presence of lacunes and depressed mood. Within each cognitive group, survival was lower among participants with depressed mood (Figure 1 ). Depressed mood was also associated with reduced survival in participants with and without lacunes ( Figure 2 ). The association of depressed mood with mortality did not significantly differ by cognitive group or the presence of lacunes.
Discussion
This study is the first to report the effects of four common neuropsychiatric symptoms, comorbid vascular conditions, and subcortical ischemic vascular disease on mortality in a unique large cohort of individuals over age 50 with and without cognitive impairment. We found that depressed mood was significantly associated with elevated mortality risk after adjustment for age, gender, education level, race, cognitive status, and the presence of lacunes, as well as multiple vascular risk factors. Other significant correlates of mortality included cognitive status, older age, lower education level, male gender, and cerebrovascular lacunes. Hypertension, congestive heart failure, history of myocardial infarction, arrhythmia, and coronary artery bypass graft surgery were significantly associated with mortality in the unadjusted analyses. Race and other comorbid medical conditions did not predict mortality.
Our findings of the detrimental effect of depressed mood on mortality are consistent with previous reports of clinical depression associated with social, occupational, and physical impairment and suicide and non-suicide-related mortality (1, 38) . For example, in some studies psychiatric disorders, particularly depression, have been found to predict mortality in various medical conditions (2, 29, 39) . Depression and other psychiatric problems were identified as predictors of mortality in the Baltimore Epidemiologic Catchment Area Study (15-year followup) (40) .
Among depressed patients, anhedonia and hopelessness have been related to mortality (41, 42) . Stroke survivors have a greatly elevated risk for clinically significant depressive symptoms even 2 or more years after the index stroke, independent of functional disability, cerebrovascular risk factors, and prior depressive symptoms (43) . Poststroke depression has not been accurately diagnosed and treated, particularly when silent subcortical ischemic infarctions are involved. With the advantage of MRI, researchers should focus investigations on the association of specific cerebral regions with depressive manifestations and treatment response. Methodological issues such as previous history of depression and the type of depressive manifestation should be considered in evaluating specific risk factors for depression and mortality (6) .
Depression complicates the outcomes of medical and cognitive diseases. It can cause more severe functional impairment, retard the rehabilitation process, complicate outcomes, and increase mortality risk. It has been hypothesized that depression can lead to worse outcomes for several reasons. First, there may be some direct biological effects, as suggested in cardiovascular data, such as exaggerated platelet aggregation and reduced heart rate variability (44, 45) . Second, depression-related symptoms may prevent patients from participating in their medical care. The presence of anhedonia, apathy, hopelessness, or anergia also may lead to behaviors that discourage family members and caregivers from providing necessary assistance, causing delay or even preventing these patients from receiving optimal care. Third, cognitive symptoms affect how depressed patients perceive and interpret clinical information, which can contribute to further stress and increase depressive symptoms (46) . There are also complex interactions between depression and cognitive impairment in relation to mortality. Depression rates increase with increasing cognitive impairment, and depression and cognitive impairment can have additive effects on mortality (47) . Lastly, the individual symptoms may have an additional deleterious effect because depressed, inactive, withdrawn patients may be susceptible to unexpected complications, such as thromboembolic events and infections (45), or poor long-term outcomes of diabetes (48) .
Despite growing evidence regarding the negative impact of depression on mortality, data have begun to illuminate the effects of apathy, anergia, or anhedonia on mortality (7). In our sample, the presence of depressed mood increased the risk of dying on average by 90%-120%, while anergia and our global behavioral measure of neuropsychiatric symptoms increased the risk of dying on average by 30%-80%, depending on the multivariate model ( Table 3 ). The presence of apathy or anhedonia also increased the risk of dying by 20%-70% but did not reach statistical significance after adjustment for covariates (Table 3 ). In older adult populations, the deleterious effect of depressive or other neuropsychiatric symptoms may be obscured by a higher expected mortality rate and multiple competing potential causes of death (46, 49) . An alternative explanation is "selective survival," where those susceptible to the adverse outcomes of depression died as young adults (42, 50) .
As expected, the presence of cognitive impairment or dementia, older age, and male gender were associated with a greater risk of mortality and shorter survival (Table 1 and Figures 1 and  2 ). This is consistent with other studies reporting on predictors of mortality (51, 52) . We found male gender to be a predictor of mortality, which is consistent with other reports of men having greater mortality rates and shorter life spans than women, attributed in part to a greater prevalence of cardiovascular disease (53) . Depression and hopelessness in men are associated with increased risks of all-cause and cause-specific mortality (54) .
Similar to other elderly cohorts, our participants had multiple comorbid physical illnesses, particularly cardiovascular and cerebrovascular diseases, which can result in depression as a result of their direct effect on the brain or pathophysiology or of existing disability. In fact, we recruited participants on the basis of subcortical ischemic vascular disease and in the absence of cortical strokes, which is unique to our sample compared with previous prospective naturalistic studies of medically ill participants. Survival was consistently shorter among participants with lacunes and/or with depressed mood in all cognitive groups, with the shortest time to death among participants with both lacunes and depressed mood (Figures 1 and 2 ). Lacunes were associated with an approximate doubling of the mortality risk (Table 2) . Future analyses of predictors of mortality could provide more refined estimates of the associations of lacunes with mortality by including lacunar size, number, and localization as independent variables.
As described in Table 2 , hypertension, congestive heart failure, history of myocardial infarction, arrhythmia, and coronary artery bypass graft surgery were significantly associated with mortality. This is consistent with existing data on the effects of serious cardiovascular disease on mortality in medically ill populations (55) . However, associations of neuropsychiatric symptoms with mortality in this cohort were not altered by adjustment for these vascular factors. Greater depressive symptoms are associated with elevated risks of allcause and, more specifically, cardiovascular disease mortality in men (56) . A large proportion of older women also report levels of depressive symptoms that are significantly related to elevated risks of cardiovascular disease mortality and all-cause mortality, even after controlling for established cardiovascular disease risk factors. Whether early recognition and treatment of subclinical depression will lower cardiovascular disease risk remains to be determined in clinical trials (57) .
There are limitations to our study. First, our analyses are based on the symptoms reported by caregivers of patients with dementia, and not patients' reports. We combined participants with major and minor depression, as well as those with and without cognitive impairment. Forty percent of the sample had evidence of cerebrovascular disease as indicated by the presence of lacunes on MRI, which is not outside of the range in older adults with cognitive impairment or psychiatric symptoms (10, 58) . Although given the complexity of the operations of multiple clinics and research programs involved in the study, we are not able to estimate the total number of participants screened and excluded, our sample was probably reflective of the population of older adults with comorbid medical and cognitive conditions with cerebrovascular disease who are seen in tertiary referral memory clinics, a group that tends to have higher rates of depressed mood and related neuropsychiatric symptoms.
Our study suggests that early diagnosis of depressed mood as well as other neuropsychiatric symptoms of anergia, apathy, and anhedonia, especially if these are present together, may lead to identification of groups at high risk for early mortality. If present together, cognitive impairment, depressed mood, and subcortical vascular disease increase the risk of mortality. However, we need to improve our understanding of the impact of neuropsychiatric symptoms on morbidity and mortality in individuals with cerebrovascular disease and cognitive impairment in order to develop approaches to the early diagnosis, treatment, and prevention of these significant mortality risk factors. Successful treatment of depression and vascular risk factors is likely to have a positive effect that also applies to rehabilitation, quality of life, and cardiovascular mortality (59) . Identifying and modifying key risk factors are crucial to reducing the morbidity and mortality of cerebrovascular disease. Future studies should evaluate the potential use of MRI for early detection of groups at high risk for depression, cognitive impairment, and mortality. Potential intervention targets should include treatment of depression and dementia as well as reduction of vascular risk factors in order to reduce mortality in this vulnerable population. 
